WHAT IS CLAIMED IS: 



to 



plasma processi ng^ met hod* comprising the steps of: 



placing a substrate inside a ^reaction chamber of a plas- 
ma processing system, a silicon dioxide film having been 
formed on the surface of the substrate; 
J introducing a fluorocarbon gas, which contains carbon 

\i| and fluorine and in which a ratio of carbon to fluorine is 



i 0.5 or more A into the reaction chamber: and 

^ | creating a plasma_from the fluorocarbon gas and (e tchin g^ 

the jj^^ p 1 a sma , . 

^hereiif^TjM^^ the fluorocarbon gas in 



tne reaction chamber rs^_ cojafero lied at a value greater than & 

6\ 




\ / r -being given by PXyXQ, where *P is a pressure (unit: Pa) of 



\ the' fluorocarbon gas, V is a volume (unit: L) of the reaction 

i ■ 

{ s chamber and Q is a flow rate (unit : Pa • L/sec ) of the fluoro- 
• carbon gas . 



fluorocarbon gas is ^a"^gas containing .at least oneJoip 




|C S F 8 and C 6 F 6 gases. 





2. The plasma processing method of Claim 1, wherein the 



3. The plasma processing method of Claim 1, wherein the 
residence time r is controlled by a mass flow controller 
provided for the plasma processing system and/or a valve and 



a pump provided for the plasma processing system, 

(^T)a plasma processing method comprising the steps of: 
placing a substrate inside a reaction chamber of a plas- 
ma processing system, a silicon dioxide film having been 
formed on the surface of the substrate; 

introducing a fluorocarbon gas, which contains carbon 
and fluorine and in which a ratio of carbon to fluorine is 
0.5 or more, into the reaction chamber; and 

creating a plasma from the fluorocarbon gas and etching 
the silicon dioxide film with the plasma, 




/is controlled at a value greater than 

0.8X10 4 sec * W/m 3 and equal to or less than 8X10 4 sec - W/m 3 ,/""P~b 

— - J 

>^ Q /^ bein g^a^ of a residence time ^jr_ of the fluoro- 

carbon gas in the reaction chamber and (a power density Pi oF 



power applied to create the plasma, the residence time r be- 

^ \ 

ing given by PXv/q, where P is a pressure (unit: Pa) of the 
fluorocarbon gas, V is a volume (unit: L) of the reaction 
chamber and Q is a flow rate (unit: Pa-L/sec) of the fluoro- 
carbon gas, the power density Pi being given by W 0 /V, where 
W 0 is a magnitude (unit: W) ^^^hT^^^^^^iZ V is the volume 
(unit: L) of the reaction chamber. 



5. The plasma processing method of Claim 4, wherein the 
fluorocarbon gas is a gas containing at least one of C 4 F 8 , C 4 F 6/ 



c 3 F g , C 5 F 8 and C 6 F 6 gases. 



6. The plasma processing method of Claim 4, wherein the 
residence time r is controlled by a (mass flow controller 



provided for the plasma processing system and/or a valve and 
a pump provided for the plasma processing system. 



^ Plasma processing method comprising the steps of: 

placing a substrate insidfe a reaction chamber of a plas- 
ma processing system; 

introducing a fluorocarbon gas, which contains carbon 
and fluorine and in which a ratio of carbon to fluorine is 
0.5 or more, into the reaction chamber; and 

cr ^ting a plasma from the fluorocarbon gas and de- 
posit ing an organic film o n the substrate using the plasma, 

wherein a residence time r of the fluorocarbon gas is 
controlled a^0-l sec or le&s, the residence time r being 
given by PXv/q, wKereriP is a pressure (unit: Pa) of the 
fluorocarbon gas, V is a volume (unit: L) of the reaction 

chamber and Q is a flow rate (unit: Pa-L/sec) of the fluoro- 
carbon gas. — ■ — 



8. The plasma processing method of Claim 7, wherein the 
fluorocarbon gas is a gas containing at least one o£ C 4 F 6 , 
C 3F 8/ C 5 F 8 and C 6 F 6 gases. 



9. The plasma processing method of Claim 7, wherein the 
residence time r is controlled by a mass flow controller 
provided for the plasma processing system and/or a valve and 
a pump provided for the plasma processing system. 



6> 



10/ A plasma processing method comprising the steps of: 
placing a substrate inside a reaction chamber of a plas- 
ma processing system; 

introducing a fluorocarbon gas, which contains carbon 
and fluorine and in which a ratio of carbon to fluorine is 
0.5 or more, into the reaction chamber; and 

creating a plasma from the fluorocarbon gas and de- 
positing an organic film on the substrate using the- plasma, 

wherein x w 0 "7q| is controlled atfo.S^xio 4 sec\- w/m 3 or 



less, PXw 0 /q being a producto£^^ residence time T o f^the 

fluorocarbon gas and a power densit y Vgi) of power applied to 

^ \ — ' ' 



create the plasma, the residence time T being given by pxv/ 



Q, where P is a pressure (unit: Pa) of the fluorocarbon gas, 
V is a volume (unit: L) of the reaction chamber and Q is a 
flow rate ( unit^:^a J^^ec)) of the fluorocarbon gas, the pow r 
er density Pi being given by (^/v) f where W 0 is a magnitude 
(unit: W) of the power and V is the volume (unit: L) of the 
reaction chamber. 



11. The plasma processing method of Claim 10, wherein 



the fluorocarbon gas is a gas containing (at least one of C 4 . B , 

^ y / 

C4F5, C 3 F 8 , C S F 8 and C 6 F 6 gases 



12. The plasma processing method of Claim 10, wherein 

■ /' 

the residence time T is controlled by a mass flow controller 
provided for the plasma processing system and/or a valve and 
a pump provided for the plasma processing system. 



A plasma processing method comprising the steps of: 
^L, placing a substrate inside a reaction chamber of a plas- 
ma processing system, a silicon dioxide film having been 



formed on the surface of tnfe^substrate; 




rrfEroducing a first fluorocarbon gas, which contains 
carbon and fluorine and in which a ratio of carbon to 
fluorine is 0.5 or more, into the reaction chamber; 



creating a first plasma from the first fluorocarbon gas 



and ^gtching) the silicon dioxide film withjthe f irst plasma; 

introducing a second fluorocarbon gas, which contains 
carbon and fluorine and in which a ratio of carbon to 
fluorine is 0.5 or more, into the reaction chamber; and 

creating a second plasma from the second fluorocarbon 



gas and depositing an organic film on the etched silicon di- 



oxide film using the second plasma, 

wherein a first residence time T x of the first fluoro- 
carbon gas in the reaction chamber is controlled at a value 



greater than 0.1 sec and equal to or less than 1 sec, the 
first residence time T x being given by P^v/q^ where P : is 
a pressure (unit: Pa) of the first fluorocarbon gas, V is a 
volume (unit: L) of the reaction chamber and Q L is a flow 
rate (unit: Pa*L/sec) of the first fluorocarbon gas, and 

wherein a second residence time r 2 of the second 



fluorocarbon gas in the reaction chamber is controlled at 0.1 
sec or less, the second residence time T 2 being given by P 2 X 
v/Q 2 , where P 2 is a pressure (unit: Pa) of the second fluoro- 
carbon gas, V is the volume (unit: L) of the reaction chamber 
and Q 2 is a flow rate (unit: Pa • L/sec) of the second fluoro- 
carbon gas. 

14. The plasma processing method of Claim 13, wherein ^ 
the first fluorocarbon gas is a gas containing at least one of 
C 4 F 8 , C 4 F 6 , C 3 F 8 , C 5 F 8 and C 6 F 6 gases, and 



wherein the second fluorocarbon gas is a gas containing ^ 
at least one of C 4 F 8 , C 3 F 8 , C S F 8 and C 6 F 6 gases. J 



15. The plasma processing method of Claim 13, wherein 
each of the first and second residence times r x and T 2 is 
controlled by a mass flow controller provided for the plasma 
processing system and/or a valve and a pump provided for the 
plasma processing system. 




16 J A plasma processing method comprising the steps of: 



placing a substrate inside a reaction chamber of a plas- 
ma processing system, a silicon dioxide film having been 
formed on the surface of the substrate; 

introducing a first fluorocarbon gas, which contains 
carbon and fluorine and in which a ratio of carbon to 
fluorine is 0-5 or more, into the reaction chamber; 

creating a first plasma from the first fluorocarbon gas 
and etching the silicon dioxide film with the first plasma; 

introducing a second fluorocarbon gas, which contains 
carbon and fluorine and in which a ratio of carbon to 
fluorine is 0,5 or more, into the reaction chamber; and 

creating a second plasma from the second fluorocarbon 
gas and depositing an organic film on the etched silicon di- 
oxide film using the second plasma, 



wherein / P l X VI x /q\ is controlled at a value greater than 



0.8X10 4 sec -W/m 3 and equal to or less than 8 X 10 4 sec • W/m 3 , 
P 1 Xw 1 / / Q 1 being a first product of a first residence time T x 
of the first fluorocarbon gas in the reaction chamber and a 
power density Pi r of first power applied to create the first 



where P x is a pressure (unit: Pa) of the first fluorocarbon 
gas, V is a volume (unit: L) of the reaction chamber and Q x 
is a flow rate (unit: Pa * L/sec) of the first fluorocarbon 
gas, the power density T?i 1 being given by V^/V, where W x is a 




plasma, the first residence time T x being given by P^v/ Q 



magnitude (unit: W) of the first power and V is the volume 
(unit: L) of the reaction chamber, and 

wherein P 2 xw 2 / Q 2 is controlled at 0;8X10 4 sec • W/m 3 or 
less, P 2 XW 2/ /q 2 being a second product of a second residence 
time r 2 of the second fluorocarbon gas in the reaction cham- 
ber and a power density Pi 2 of second power applied to create 
the second plasma, the second residence time r 2 being given 
by PjXv/Qj, where P 2 is a pressure (unit: Pa) of the second 
fluorocarbon gas, V is the volume (unit: L) of the reaction 
chamber and Q 2 is a flow rate (unit: Pa • L/sec) of the second 
fluorocarbon gas, the power density Pi 2 being given by W 2 /V, 
where W 2 is a magnitude (unit: W) of the second power and V 
is the volume (unit: L) of the reaction chamber, 

17. The plasma processing method of Claim 16, wherein 
the first fluorocarbon gas is a gas containing at least one of 
C 4 F 3 , C 4 F 6 , C 3 F 8 , C S F 8 and C 6 F 6 gases, and 

wherein the second fluorocarbon gas is a gas containing 
at least one of C 4 F 8 , C 3 F 8 , C S F 8 and C 6 F 6 gases. 

18. The plasma processing method of Claim 16, wherein 
each of the first and second residence times T x and r 2 is 
controlled by a mass flow controller provided for the plasma 
processing system and/or a valve and a pump provided for the 
plasma processing system. 



